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A new model for defining the desired state of ecosystems impacted by human activities is

emerging in response to some widely-acknowledged limitations of current ecosystem protection tools. In

aquatic ecosystems, for example, the normal suite of water quality standards may not protect whole

natural communities, in part because standards do not exist for some processes (such as primary

productivity, competition, and nutrient transformation) that are critical to ecological services (such as

harvestable fish production). Some elements of ecosystem structure, such as species richness, are also not

accounted for in conventional standards. Others occur at larger spatial and temporal scales than are

routinely monitored. These shortcomings are particularly problematic in ecosystems such as the San

Francisco Bay-Delta-River ecosystem (comprised of the watersheds of the Sacramento and San Joaquin

Rivers, their delta, and the San Francisco Bay) that are highly disturbed and intensively managed.

Moreover, the fact that this ecosystem is composed of many interacting systems that occur over a large

geographic scale further exacerbates the problem. As a result, new, more direct measures of the most
important and desirable structural and functional attributes of the ecosystem may be necessary to ensure

that these attributes are protected while human use of natural resources continues.
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In this paper, we briefly review concepts for defining the desired state of ecosystems and for

developing indicators of desired state in order to create a common vocabulary for the workshops jointly

sponsored by the Environmental Protection Agency, UC Berkeley, The Bay Institute, and the

En~,ironmental Defense Fund. We then go on to propose a strawman: an organizing framework that can

be used to define the elusive concept of ecological integrity and to develop ecological indicators and target

levels defining desired state for the Bay-Delta-River ecosystem. The proposed framework is basedon a

four-step process suggested by Keddy et al. (1993). This framework inc.orporates a holistic approach to

restoration, encompassing both structural and functional components of an ecosystem as well as various

hierarchical levels of organization. The development of a clearly defined framework has several benefits:

it provides a rational basis for dev. eloping a comprehensive suite of indicators; it reduces the likelihood of

failing to consider important ecosystem attributes and indicators; it enhances the ability to set priorities

among indicators, ff necessary; and it helps to explain the importance and function of each indicator to the

scientific community and policymakers. A coherent conceptual framework also will aid in the

maintenance of the restoration program and of associated long-term monitoring programs.

ECOSYSTEM tlEALTII

Practitioners in the new fields of ecosystem medicine, stress ecology, and clinical ecology are

developing and attempting to use concepts such as ecosystem health, ecological integrity and biological

integrity. Ecosystem health has been defined in a variety of ways (see Table 1 for examples). Karr (1993)

defines ecosystem health as the condition in which a system realizes its inherent potential, maintains a

stable condition, preserves its capacity for self-repair when perturbed, and needs minimal external support

for management. Biological integrity refers to the "ability of an ecosystem to support and maintain a

balanced, integrated, adaptive biological community having a species composition, diversity, and

functional organization comparable to that of natural habitat in the region" (Karr and Dudley 1981). It is

important to note that biological integrity distinguishes between human and naturally-caused changes

whereas ecosystem health does not (Miller 1995). New institutions have formed to advance these

concepts, such as .the International Society for Ecosystem Health and the Society for Ecological

Restoration.

The concept of ecosystem health has most often been defined, however, by what it is not. David ¯

Rapport and colleagues (e.g. 1989; Rapport, Regier and Hutchinson 1985; 1984; Rapport, Regier and

Thorpe 1981; Rapport, Thorpe and P, egier 1979) developed the concept of an ecosystem distress

syndrome, marked by reductions in the stability and diversity of aquatic ecosystems, elimination of the

longer-lived, larger species, and a tende.ncy to favor short-lived opportunistic species (Rapport, Regier &
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Hutchinson 1985). In the Great Lakni, some of the more heavily used, degraded subsystems exh~it the

general distress syndrome. In case studies of these systems, likely ecological responses from each type of

stress were inferred from impact assessments. A fairly Comprehensive and detailed interdisciplinary set of

conceptual frameworks was developed from this information, which can be usedas a basis for

rehabilitation of the Great Lakes ecosystem (Rapport, Regier, and Hutchinson 1985).

Additionally, Rapport et al. (1981) compare the stress response of an ecosystem (considered as an

organism) to that of a mammalian system. The first response to stress is generally an alarm reaction (a

characteristic change at the first exposure to stress), followed by resistance (when continued exposure

leads to an adaptation), and, finally, exhaustion (irreversible damage following prolonged exposure). The.

five main groups of ecosystem stresses identified include: (1) harvesting of renewable resources; (2)

pollutant discharges; (3) physical restructuring (including hydrologic modifications); (4) introduction of

exotics; and (5) extreme natural events (Rapport, Regier & Hutchinson 19~5).

ECOLOGICAL INDICATORS "

Although ecological health and integrity have been defined conceptually in the literature,

providing an o~erational definition- with quantifiable measures --for the health or integrity of a

particular ecosystem can provedifficult. One approach is the use of ecological indicators (alternatively

known as metrics or state variables). Ecological indicators are components of a system whose

characteristics (presence or absence, quantity, distribution) are used to represent those ecosystem attributes

that are too difficult, inconvenient or expensive to measure (Landres et al. 1988). Indicators are intended

to provide an assay to describe the health of an entire ecosystem, essentially ’taking nature’s pulse’.

Keddy et al. (1993) suggest a four-step process for describing and predicting the states of

ecosystems, using ecological indicators: (1) define health or integrity in an operational way; (2) select

indicators of integrity; (3) identify target levels of the indicators that define desired states; and (4) develop

a monitoring system to provide feedback that can be used to modify the indicators and their target levels

as appropriate. In the following discussion, we propose a strawman framework for using these steps to

develop ecological indicators for the San Francisco Bay-Delta-River ecosystem.

Stev I: Define health or integrity in an operational way

Step one constitutes the broad overview of an ecosystem management or restoration program,

where the objectives for the program are set. Researchers ask: Are there intrinsic attributes that define

health? If not, is there another way to’describe a healthy ecosystem? In order to translate ecosystem

¯ " health into goa!s for restoration, it is helpful to identify the most important elements of ecosystem
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structure and function necessary to support the desired state. Several policy-~elated and scientific groups

have invested considerable time and e~ergy.into identifying a suite of goals that might be used as

surrogates for ecosystem health descriptors for the Bay-Delta-River ecosystem. For example, both

CALFED and the San Francisco Estuary Project Comprehensive Conservation and Management Plan

(CCMP) have produced lists of ecosystem quality objectives that may also be used for this purpose. In

addition, participants in a recent workshop, entitled ."Goals for Restoring a Health Estuary", sponsored by

the National Heritage Institute (NHI) and others, identified some key ecosystem service goals to use in an

operational definition of ecosystem integrity. Many of the goals (or ecosystem functions and services)

identified by these groups are comparable to one another; others appear to be more appropriate as

indicators (st~’p two) rather than definitions of the desired state of the ecosystem (step one). in Tabl~ 2 we

have assembled ~ preliminary, ~onsolidated list of the goals that have been suggested by these various

groups as operational definitions of ecosystem integrity. The original documents are reprinted in

Appendix I. One of the ol~jectives for this workshop is to determine whether the list in Table 2 is

both appropriate and comprehensive. It is particularly important to consider whether ecosystem

"integrity" or "health" is captured by the suite of goals presented in the table.

In the longer term, insight into the adequacy of this suite of goals can be gained by analyzing a

reference system, whose attributes can be used to infer how a system with integrity might look andlo~

function. One t.echnique to establish reference conditions is to reconstruct how the system looked and

functioned in the past, and compare it with how it functions now. This is similar to the approach used in

the Florida Everglades, where a natural system model is being designed to serve as the template for

restoration. Another method is to characterize comparable ecosystems in more pristine conditions, if they

exist. Both types of reference systems can provide insight into developing and refining !he objectives of

the program.

Once refined, the list of program goals can provide a basis for choosing ecological indicators,

using a methodology described below.

Stea 2: Select indicators of health or integrity

Many factors (scientific, economic, and sociopolitical) come into play in choosing fiadicators for a

particular ecosystem or program. The fundamental requirement, hdweyer, is that all of the irhportant

attributes of the system be represented. The National Research Council (1992) stresses that .restoration of

4
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an aquatic ecosystem requires coordinated, comprehensive management of all significant ecological

elements, often on a watershed or other landscape scale.~

To cover all aspects of the system, many authors (e.g. National Research Council 1992; Noss

1990) suggest thai a suite of indicators should include both structural and functional attr~utes of an

ecosystem. TolTography and nutrient cycling are examples of structural and functional attributes,

respectively. (See Table 3 for additional examples.) Additionally, Noss (1990) suggests that indicators

for monitoring should include several hierarchical levels of ecological organization, at multiple spatial

and,temporal scales. He states that "no single level of organization (e.g., gene, population, community) is
fundamental, and different levels of resolution are appropriate for monitoring and protecting biodiversity."

Noss also maintains that "’Big picture’ research on global phenomena is complemented b~ intensive

studies of the life histories of organisms in local environments."

Focusing exclusively on indicators of one hierarchical level has several disadvantages. For

example, it has been suggested that the success of species at top trophic levels indicates the health of lower

trophic levels. Organisms at top trophic levels, usually vertebrates, have often been used as indicators.

Indicators of the status of"charismatic megafauna" also serve other functions, such as helping to maintain

political will for restoration. However, because of their relative longevity, the actual causes of perceived

declines, ~nce detected, are often difficult to unravel (Laudenslayer 199].). For this reason, Landres et al.

(1988) conclude that using vertebrates alone to indicate habitat quality for other species is not a sound

method, and recommend the use of other indicators as part of a comprehensive monitoring strategy.

Monitoring at lower levels of organization within the ecosystem provides clues to the processes ¯

affecting the behavior of the whole (Rapport 1984) and may provide an early warning of ecological stress,

because with this approach the ecological precondition~ for a healthy ecosystem, such as primary

productivity, are being monitored. Indicators of early steps in the process leading to stress may be more

useful than an indicator which informs that the system is already ailing. For example, using indicator

species associated with soil productivity (e.g. mycorrhizal fungi) quickly detects those effects that may be "

fundamental to the functioning of the systein. Mycorrhizal fungi are important components in the diets of.

¯ " small mammals, which in turn are important diet components of carnivorous species (Laudenslayer 1991).

In the case of eutrophication, monitoring nutrient flux may allow for early detection of an imminent

problem, whereas monitoring of dissolved oxygen may. signal changes only after it is too late for

preventative measures. Additionally, when employing biota as indicators, a suite of indicators including

1 This kind of ecosystem-level management has gained popularity lately, and has been adopted by the
National Park and US Forest Service.
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multiple species and assemblages is more likely to provide improved detection capability over a broader "

range as well as protection to a larger segment of the ecosystem than single indicators(Kremen 1992; Karr

1993). One example of an indicator suite is Karr’s Index of Biotic Integrity (I.BI), which provides a

’ quantifiable index of a number of ecological indicators for the assessment of the quality of water resources

(Karr 1992). The IBI adopts the hierarchical approach discussed above, integrating 12ecological

characteristics, or metrics, of stream fish assemblages, classified into three major groups: species richness

and composition, trophic composition, and fish abundance and condition (Karr 1987). Index scores range

from 1-5, depending on how observed site conditions compare to those for a pristine reference site. Karr

initially developed the IBI for use with fish communities, but the ecological foundation can be used to

develop analogous indexes that apply ¢o other taxa (Karr 1991). Miller et al. (1988) review the

application of the IBI to various locations in the United States and conclude that the IBI holds promise for

direct biological monitoring because of its strong ecological foundation and flexibility.

A second objective for this workshop is to provide the foundation for developing ecological

indicators for the Bay-Delta-River ecosystem in a pragmatic, methodical way. These ecological

indicators should assess the attainment of the goals identified in step one. In order to provide a

framework that clearly outlines the logic behind the selection of specific indicators, and to ensure that the

indicator suite adequately covers structural and functional ecosystem attribute~ as well as various

hierarchical levels of organization, we suggest using Noss’ (1990) conceptual model of biodiversity at

multiple levels of organization (Figure 1). Figure 2 adapts Noss’ figure into a proposed matrix for

identifying ecological indicators at each level of organization for a particular operational definition of

ecosystem integrity. A matrix would eventually be filled out for each operational attribute or goal, based

on those listed in Table 2 or any others workshop participants may propose. We have attempted to fill in

¯ a matrix for the goal of "Increasing and. Improving Aquatic Habitats" (Figure 3) for the purpose of

illustrating what is meant by the threecategories and four scale levels in the matrix;, no attempt was made

to ensure that the sample indicator~ were the most appropriate or scientifically defens~le indicators

possible. The utility of the proposed framework is primarily to ensure that the suite of ecological

indicators adequately addresses the range of ecosystem structure and function at a variety of hierarchical

levels.2

2 Missing from the strawman framework as outlined so far is a~ explicit treatment of specific stressors. In

order to assure that the suite of ecological indicators is sensitive to and provides early warning of
disruption due to stressors, we suggest that the following "check" be undertaken as part of step 2. First, a
list of likely stressors for the Bay-Delta-River ecosystem should be developed. The list would probably
encompass the five general stressor categories identified by Rapport, Regier and Hutchinson (1985), listed
above. Second, the likely responses from each category of stressor could be explored, considering both the
ecosystem attributes.defined in step one and the matrices already developed in step two. Finally, the likely
responses could be compared to the existing list of ecological indicators, to determine whether the

.6
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In filling out these matrices, some considerations about indicators must be k~pt in n~nd. Ideally,

indicators should be (I) sufficiently sensitive to provide an early warning of change; (2) distributed over a

broad geogral~hical area, or other, vise widely applicable; (3) capable of providing a continuous assessment

over a wide range of stress; (4) relatively independent of sample size; (5) easy and cost-effective to

measure, collect, assay, and/or calculate; (6) able to differentiate between natural cycles or trends and

those induced by anthropogenic stress (Noss 1990); (7) ecologically meaningful (closely related to

maintenance of essential processes and functions) (Keddy et al. 1993); (8) relevant to societal concerns

(Angermeier and Karr 1994); and (9) environmentally benign to measure (Barbour, Stribling & Karr

1995). Kimmerer (1995) also suggests some key features tb ensure the scientific defensibility of an

ecosystem health indicator: (1) ~ indicators (those monotonically related to an ecosystem property)
are preferred over derived ones (those assumed to be related to some primary indicator that itself may not

be measurable or interpretable); (2) easily interpretable indicators take precedent over those which requi~e

value judgments; (3) measurable indicators are preferred to conceptual ones; (4) quantitativ, e indicators

are preferred to qualitative ones; and (5) existence of a long historical data record is desirable. Many
indicators have been suggested if a variety of forums (see, for example, Appendices II & III).

Ste~ 3: Identify target levels o1~ indicators that define integrity or lack thereof

Once indicators are selected, a range of target values, from tolerable to desirable levels, should

be developed for each. Because determining the target range of indicator values from first principles is

d~fficult, comparisons with reference systems are often used. As discussed above, the reference system can

be either a similar, but more "pristine" system or a historical reconstruction of the system whenit was in

the desired state. In disturbed ecosyst.ems such as the Bay-Delta-River system, it is dearly unreasonable to

strive for the restoration of pristine conditions. However, an historical reconstruction can provide insights

into what target levels could be, through a comparison of increasifigly less disturbed states. In addition,

such an approach has the advantage of being holistic. A consideration only of present-day structure and .

function may result in a limited and fragmentary vision and strategy for restoration. An extended

discussion of methodologies for defining target levels is planned for a future workshop. In g.eneral, pilot
studies also are recommended, in order to define, evaluate, and calibrate the metrics prior to full-scale

implementation of the program (Kremen 1992).

indicators, combined with the routine monitoring programs already under~’ay, will provide adequate early
warning of a significant stress response.
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Ste_.~.p~: Develop a monitoring system to providefeedback

A monitoring system is crucial to the successful use of ecological indicators as a management

tool. Monitoring provides a way to assess the utility of indicators and their target leyels, dweloped in

steps two and three, and then modify them if necessary. Similarly, the monitoring and assessment

program allows for adaptive management: changes in the ecological indicators allow decision makers

determine wh’cther the management and/or restoration program is having its intended effect.

Additionally, monitoring results can be utilized as a tool for public outreach, using appropriate indicators

for different audiences. For example, simplistic indicators of ecosystem health, such as the Chesapeake

Bay white sneaker visibility test (a pr6xy for water clarity) may not be scientifically defensible, but can

help inform the public and educate them about restoration efforts in their region. Post-management uses

of ecological indicators include short-term evaluation of success of a project and long-term monitoring.

INSIGIITS FROM OTIIER PROGRAMS

.Indicators have long been employed by environmental toxicologists. However, only recently has

the concept of ecological indicators been suggested for assessing the overall health of ecosystems, when

contaminants are not the sole issue. Past attempts to employ ecological indicators .and ecosystem-level

management provide valuable lessons for applying the general approach outlined above to the Bay-Delta-

River ecosystem. We describe a few examples to illustrate some lessons for the successful application of

ecological indicators. One characteristic shared by all of them is an effective monitoring program.’

"Soft engineering" techniques were used to restore the Blanco River in southwestern Colorado,

channelized by the U.S. Army Corps of Engineers (COE) in the 1970’s in a flood-dontrol effort. Results

of the channelization included channel instability, stream-bank failure, and erosion, among other

problems. A landowner initiated the ~estoration project with the goal of "stabilizing the river in a well-

carved but natural-looking permanent channel that would enable it to handle floods" (step 1 of the

methodology proposed in this paper). Hydrologist D.L Rosgen used as his reference site a similar, stable

section of the river about a mile downstream from the project site. Project indicators3 were measured at

the project site and on a similar area to verify that the reconstructed reach would be able to accommodate

the demands placed on it (steps 2 & 3). In the course of three years, the river’s width when full Was

reduced from a 400-it-wide braided channel to a single 65-it channel with the desired characteristics:

stable, deep, and slow-moving (high pool-to-riffle ratio) (Berger 1992a).

3 Indicators used include fiver width, depthl velocity, discharge, slope, energy slope, roughness, sediment -
load, sediment size, sinuosity, width-to-depth ratio, dominant particle size of bed and bank materials,
entrenchment of channel, confinement of channel, landform confinement of channel, landform features,
soil erodibility,.and stability.
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The demonstration restoration project for the Kissimmee Riverine-Floodplain System provides an

example of the.utility of testing a restoration plan in a small area before applying it to the larger system.

The goal of the demonstration project was to show that wetland vegetation and other wildlife would

readily recolonize the reflo~ded areas, and riverine ecosystems would respond favorably to resumption of

natural flow regimes (step 1). The project successfully demonstrated that restoration of riverine-floodplain

values and functions is possible, and this success has garnered much-needed support for the restoration of

the larger Kissimmee system. An inter-agency monitoring program played a crucial role, in demonstrating

this success (step 4).’t

Some particularly successful ~omponents of the Kissimmee project include: (1) setting explicit

goals (i.e. restoration of ecological integrity) in advance; (2) not establishing criteria in terms of numbers

of fish or waterfowl to be restored, which avoided battles among different user groups; (3) a more

extensive scientific peer-review process than most restoration projects have; (4) use of hydrologic models

to establish probable outcomes for some of the nonbiological aspects of alternative restoration plans,

which reduced uncertainty about these outcomes; (5) monitoring designed from an ecosystem perspective;

and (6) a major public education dffort on the part of scientists and engineers to acquaint people with’the

complexities of ecological restoration (Berger 1992b).

The goal in the creation of Sweetwater Marsh National Wildlife Refuge was to create nesting

habitat for the light-footed clapper rail (Rallus longirostris levipes), and foraging habitat for the

California least tern (Sterna antillarum brown0 (step 1). Restoration of some 128 ha of wetlands and

some uplands along the east side of San Diego Bay began in 1984 with the excavation of approximately

4.9 ha of disturbed upper intertidal marsh, including areas previously used as an urban dump. The
managers used soil nitrogen concentrations as well as a "functional equivalency inde:~’ to compare

constructed and natural wetland functioning (step 2). For each of 11 marsh attributes,s mean values for

the constructed marsh were expressed as percentages of the mean value for a reference wetland (step 3). A

monitoring program to assess plant cover and faunal use was implemented from the outset of the project.

The results indicated less than 60% equivalency when the marsh was 4-5 years of age (step 4). The

’* The South Florida Water Management District (SFWMD) monitored the effect of hydrologic changes on
floodplain vegetation, floodplain fish; secondary productivity, benthic invertebrates, and river channel
habitat characteristics. Other agencies, including the Florida Game and Fresh Water Fish Commission
and the Florida Department of Environmental Regulation, conducted alligator counts, bird surveys, fish
population samples, water quality monitoring, and measurements of aquatic macroinvertebrate and
periphyton responses.
5 Attributes include organic matter content, sediment inorganic nitrogen, sediment nitrogen total Kjeldahl

nitrogen (TKN), pore-water inorganic nitrogen, nitrogen fixation (surface era.), nitrogen fixation.
(rhizosphere), biomass of vascular plants, foliar nitrogen concentration, height of vascular plants,
ep~enthic invertebrate numbers,, and epibenthic invertebrate species lists.
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project’s exceptionally high criteria for judging success serves as a model far future restorationefforts

(National Research Council 1992). Whether or not this restoration’project was a success in ierms of

created habitat for birds, the use of a reference condition by which to evaluate the project can be

considered successful.

Ecological indicators can also be used to provide insight into the state of non-managed systems.,

For example, the United States Environmental Protection Agency CLISEPA) initiated a nationwide

environmental monitoring and assessment program (EMAP), with the goal of "establishing baseline

conditions against which future changes can be documented with cotifidence" (Breckenridge et al. 1995).

In the context of this project, the operational definition of ecological integrity is based upon societal values

(step 1). The program classifies its indicators into four types (response, exposure, habitat, and stressor) to

evaluate habitat productivity, biological integrity, and aesfhetfcs: the focal points of the program

(Hunsaker, Carpenter and Messer 1990). Response indicators quantify the overall biological conditions of

ecosystems by measuring either organisms, populations, communities, or ecosystem processes. Exposure

indicators measure ecosystem exposure to toxics, nutrients, heat, acidity, and ionizing or electromageetic

radiation. Habitat indicators represent conditions on a local or landscape scale that are necessary to

support a population or community (e.g. availability of snags, vegetation cover, vertical layers of

vegetation). Stressor indicators reflect activities or occurrences that cause changes in exposure or habitat

conditions and include pollutant, management, and natural process indicators (e.g. number of wastewater

discharges, proximity to urban areas, and introduction of exotic species) (Hunsaker, Carpenter and

Messer 1990) (step 2).

Another important element of successful restoration projects has been careful scientific and

political consensus-building, such as the process emt~loyed for deciding upon the X2 salinity standard for

the Bay-Delta-River ecosystem. Participants in a series of workshops sponsored by the San Francisco

Estuary Project agreed upon a scalar index consisting of the position of a particular near-bottom isohaline

as a "policy" variable that could be used to set standards fir managing freshwater inflow (step 1 & 2).

Participants then agreed upon the 2% near-bottom isohaline (denoted as X2) in particular for further

exploration (Jassby et al. 1995) (step 3). Some of the workshop participants later tested the choice of X2

and found that it has a clear and pervasive relationship with estuarine biological properties, demonstrates

integration of effects over space and time, has unambiguous relationships with many habitat variables

(including salinity distribution and net outflow from the Delta), is quantifiable by automated or synopdc

monitoring, is important to ecological structure and function, responds to stressors and management

strategies, can be measured by a standard method, has low measurement error, has a historical data base,

’and can be considered cost-effective (Jassby et al. 1995) (step 4). These are all attributes considered

I0
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critical or desirable for habitat indicators by the USEPA’s EMAP program (Messer 1990)." They also meet

many of the criteria described in the section on step two of’thls paper.

CURRENT OPPORTUNITIES

Provisions of the Bay-Delta Accord and the Central Valley Project Improvement Act (CVPIA),

combined with requirements of the Endangered Species Act (ESA) and the Clean Water Act (CWA),"

¯ provide an unprecedented opportunity to carry out protection and restoration measures for the Bay-Delta-

River ecosystem. ~D, a state-federal program launched in the wake of the Bay-Delta water accord of

last December, is currently in the process of exploring restoration plans for the Bay-Delta-River

ecosystem, with the target of formulating preliminary alternative packages by early next year.

Additionally, a variety of private sector interests are attempting to achieve consensus on key issues related

to California’s water resources. The variety of ecosystem types involved and the complexity of the issues

will prove challenging obstacles to restoration. If a holistic ecosystem approach to the Bay-Delta-River .

restoration program is to be embraced, now is the time to advance it and build consensus for it.

Ecological indicators and targets may prove to be useful tools to facilitate ecological restoration and

continued human use.
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Table 1: Some proposed descriptors of ecos),stem health.
Ecosystem health de,.sy,n.’ptor Definition
Costanza (1992):"
¯ Homeostasis Maintenance of a steady state in living organisms

by the use of feedback control processes
¯ Absence of diseage Lack of stress, or perturbation with particular

negative effects on the system
¯ Diversity/Complexity . Evenness and richness of species.
¯ Stability/resilience How fast the variables return towards their

equilibrium following a perturbation. Not defined
for unstable systems

¯ Vigor/scope for growth ¯ Overall metabolism or ener~), flow
¯ Balance Proper balance exists between system components
Wesonan (1978):
¯ Resilience Degree, manner, and pace of restoration of initial

structure and function in an ecosystem after
disturbance

¯ Inertia Ability of a system to resist displacement in
structure or function when subjected to a disturbing
force

¯ Elasticity Time involved in restoration
¯ Amplitude Degree of brittleness of the system; threshold

beyond which ecosystem repair to the initial state
no longer occurs

¯ Hysteresis Degree to which the pattern of recovery is not
simply a reversal of the pattern of initial alteration

¯ Malleability The ease with which the system can become
permanently altered; compare the new stable state
to the former one

National Research Council (I 992):
¯ Persistence                               The ability of the ecosystem to undergo natural

successional processes or persist in a climax sere,
all without active human management

¯ Verisimilitude A broad, summative, characteristic of the restored
ecosystem reflecting the overall similarity of the
restored ecosystem to the standard of comparison,
be it prior conditions of the .ecosystem or of a
reference system
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Table 2: Some proposed operational definitions of ecosystem integrity and source, s from which
they were derived.* The operational definitions of ecosystem integrity in the first column can be
used to fill in the blank at the top of the matrix in Figure 2.

~ :~ ~ "’" m :~’:"""" :+:‘:~:~:~:‘:‘~x~??.+:~:r:‘~:~):1:+~.:~:~:~:.:~:::‘?:~:.:~:‘~‘~?:?~?~:~‘::?:~:~:~:1N?:‘:‘:+:~::.+~:~:~:~..~x~:~:~:‘:~:~::??:~:~

¯ Improve, increase, restore and protect aquatic-Improve and increase aquatic and
and. terrestrial habitats and improve ecologicalterrestrial habitats and improve ecological
functions in the Bay-Delta-River ecosystem to functions in the Bay/D~Ita to support
support sustainable, diverse, ba[anced and sustainable populations of diverse and
healthy populations of plant and animal species,v.aluable plants a~d animal species
focusing on indigenous species (CAI~.D)

- Restore and protect a diverse, balanced
and healthy population of fish,
invertebrates, wildlife, plants and their
habitats, focusing on indigenous species
(CCMP)

:::;~6~:;~:::::‘.:::~:::~::;::::::::::~:~:::::~:::::::::::F::::::::::::::::::¢::::::::;:;.~:::::::;:~::::::::::::::::::::::::::::::::::::::::~<:~::::::

¯Improve and increase a~uatic habitats - Improve and increase aquatic habitats so
(including riverine, delta, estuarine, and bay) .that they can support the sustainable

production and survival of native and
other desirable estuarine and anadromous
fish in the estuary (CALFED)

¯Improve and increase terrestrial habitats - Improve and increase important wetland
(including wetland, riparian, upland and ???) habitats so that they can support the

sust~inable production and survival of
wildlife species (CALFED)

¯Stem and reverse the decline in the health, - Stem & reverse the decline in the health
abundance, and species richness of aouatic biotaand abundance of estuarine biota (native
(native and desirable non-indigenous) with an and desirable non-indigenous) with an
emphasis on natural production (for riverine, emphasis on natural production (CCMP)
delta, estuarlne, and iJay systems) - Stem & reverse the decline of estuarine

plants and animals and the habitats on
which they depend (CCMP)
- Increase population health and
population size of Delta species to levels
that assure sustained survival ( .Cr4J_.FED)
- Restoration goals for aaadromous fish
are equal to, or at least twice the mean
estimated natural production for the
baseline period of 1967-1991 09Plan)

¯Stem and reverse the decline in the health, - Restore popui’ations of indigenous
abundance, and species richness of terrestrial species to levels not likely to result in
biota (native and desirable non-indigenous) withextinction (NHI-WS)
an emphasis on natural production (for wetland,
riparian, upland, and ??? systems)
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Table 2 (continued)

¯ Ensure the survival and recovery or listed and- Ensure the survival & recovery of listed
candidate ~ endangered and threatenedand candidate (aquatic) species, as well as
species, as well as other species in decline other species in decline (CCMP)

- Establish self-sustaining populations of
the species of concern that will persist
indefinitely (IffI0

¯ Ensure the survival and recovery of listed and- Ensure the survival & recovery of listed
candidate terrestrial endangered and threatenedand candidate (terrestrial) endangered and
species, as well as other species in decline threatened species, as well as special

status species (CCMP)

¯ Provide commercial and sport-fishing - Provide anglers with a reasonable chance
opportunities of catching sport fish 0NHI-WS)

- Increase naturally-produced populations
of anadromous fish (NHI-WS)
- Chinook salmon, green sturgeon and
splittail - recovery goals include having
large enough populations so that a limited
harvest can once again be sustained (NF)

¯ Preserve and restore the capacity of the system- Preserve and restore wetlands to provide
to provide essential ecosystem services, includinghabitat for wildlife, improve water quality
(1) flood control, (2) water quality enhancement,and protect against flooding (CCMP)
(3) erosion control, (4) recreation, and (5) - Restore and enhance the. eco!ogical
aesthetic enjoyment productivity and habitat values of

wetlands (CCMP)
- Enhance aesthetic values (I~.-WS)

* Sources are cited as follows: "San Francisco Estuary Project Comprehensive Conservation and
Management Plan", 1992 (CCMP); "Draft: CALFED Bay/Delta Program- Ecoystem Quality
Objectives Statements" (CALFED); "Recovery Plan for the Sacramento-San Joaquin Delta Native
Fishes: Technical/Agency Draft", 12/94 (NF); "Working Paper on Restoration Needs: Habitat
Restoration Actions to Double Natural Production of Pmadromous Fish in the Central Valley of
California" (DPlan); Draft Report on the National Heritage Institute Definitional Workshop,
"Goals for Restoring a Healthy Estuary" (NHI-WS).
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Table 3: Possible structural and functional ecological assessment criteria, over a range of ecologi~l levels of
organization. Taken from National Research Council (1! 92) unless oth~ccise not~.
STRUCTURE FUNCTION
Water quality (dissolved 02, dissolved salts, dissolvedDecomposition rate (Landres 1992)
toxics and other contaminants, floating or suspended
matter, pH, odor, opacity, temperature profiles)
Soil condition (soil chemistry; erodibility; permeability; Surface and ground water storage, recharge, and
organic content; soil stability; physical composition, supply
including particle sizes af~d microfauna)
Geological condition (surface and subsurface rock andFloodwater and sediment retention
other strata, including aquifers)
tIydrology (quantity of discharge on annual, seasonal,Transport of organisms, nutrients, and sediments
and episodic basis; timing of discharge; surface flow
processes, including velocities, turbulence, shear stress,
bank/stream storage, hnd exchange processes; ground
water flow and exchange processes; retention times;
particle size distribution and quantities of bed load and
suspended sediment; and sediment flux (aggradational
or degradational tendencies) CRosgen 1988))
Topography (surface contours; the relief (elevations Humidification of atmosphere (by transpiration and
and gradients) and .configuration of site surface feature.s;evaporation)
and project size and location in the watershed,
including position relative to similar or interdependent
ecosystems)
Morphology (shape and form of the ecosystem, Oxygen production
including subsurface features)
Flora and fauna (species richness, guild structure, Nutrient cycling (loss of, turnover, horizontal
functional dominance (Landres 1992), density,, transport, vertical cycling (Landres 1992))
diversity, growth rates, longevity, species integrity
(presence of full complement of indigenous species
found on the site prior to disturbance), productivity,
stability, reproductive vigor, size-, and age-class
distribution, impacts on endangered species, incidence
of disease, genetic defects, genetic dilution (by
normative germ plasm), elevated body burdens of toxic
substances, and evidence of biotic stress)
Carrying capacity, food web support, and nutrient Biomass production, food web supporh and species
availability as determined for specific indicator speciesmaintenance (primary productivity, production :

respiration and production : biomass ratios (Landres
1992))
Provision of shelter for ecosystem users (e.g. from
sun, wind, rain, or noise)
Detoxification of waste and puriIication of water
Reduction of erosion and mass wastage
Ener~ flow
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Figure 1: Compositional s~’uctm~ and functional biodiversi~7: shown as intercormectcd spheres, each
encompassing multiple l~v¢ls of organization. This c~ncepmal framework may facilita~ selection of
indicators that represent the many aspects of biodiversity that warrant attention in environmental
monitoring and assessment programs ~I’aken from Noss 1990).

FUNCTIONAL
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Figure 3. Strawman matrix with examples of possible indicatorso~°
tO

OPERATIONAL DEFINITION OF ECOSYSTEM INTEGRITY: Impi’, ove and Increase Aquatic Habitats
STRUCTURAL ELEMENTS         I STRUCTURAL PATTERNS          [ FUNCTIONAL ATTRIBUTES                  ."

Connectivity be.tween protected and Survival rates of all life cycle phases of
Delta (including sloughs) restored habitats desired species
Estuary (including X-2) The right habitats in the right places Degree of resemblance between actual
Bay (including Suisun, San Pablo, Central,Degree of stream sinuosity hydrograph and natural hydrograph
South)

Extent of shaded riparian zones Pool-to-riffle ratio Bank stability, nutrient and sediment
Extent of shallow riverine habitat Relative amounts of habitat types retention
Extent of river edge habitat Minimum habitat size Nutrient loading, transformation
Type and amount of large woody debris Production of forage for desired species

Primary productivity by desired species
Toxic

Appropriate spawning sites Age structure Competition
Appropriate water quality conditions Spawning sites located where water is Population resilience
Desirable forage for target organisms clear, cold, and flowing at appropriate Spawner-to-recruit ratio
Indicator species (e.g., benthic speed Water quality parameters (e.g.,
invertebrates, water hyacinth, native fish temperature, dissolved oxygen, toxic
species, salmon) compounds)
Fish condition

Adapted from Noss (1990)
*Examples of indicators at hierarchical levels below the landscape level are for riverine systems only. A similar suite of indicators should be developed for each
landscape type. The completed matrix should include indicators of both physical and biological components of habitat, and of stresses as well.
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"OCT 16

Annotated Bibliography on Existing Ecosystem Goals
From Ba~,/Delta Policy Processes

z) CCMP: (original attached)

¯ 2) DRAFT: CALFED BAY/.DELTA PROGRAM - Ecosystem Quality Objectives Statements
(original attached)

:3) Delta Protection Act of 1992 (original attached)
¯ . 4): NHI Workshop Goals (original atCac~ed)

5)/"Recovery Plan for the Sacramento-San’Joaquin Delta Native Fishes", Technical/agency
¯ ;" ¯ Draft 12194

’q’he objective of the recovery plan is to establish sel~-sustaining populations of
the species of concern that will persist indefinitely. For Chinook salmon, green
sturgeon and splittail include having large enough populations so that a limited
harvest can once again be sustained." Recovery criteria, when possible, is based
on two independant measures: population abundance and geographic distribution
using a historical base period that includes natural variation. The historical base
period used was generally 1967-1980s. The time period over which abundance
and distributioh criteria must be met was set a five generations, but for ~ome
species there is an additional requirement of meeting the criteria through a
minimum number of years of stressful environment~! conditions. Species
addressed include: delta smelt, lon=~in smelt, Sacramento split’tail, green sturgeon,
spring-run, late fall-run, San Joaquin fall-run chinook salmon and Sacramento
perch.

6) "Working Paper on Restoration Needs: Habitat Restoration Actions to Double
Natural Production of Anadromous i=ish in the Central Valley of C~lifornia",
May 1993

The restoration goals for four races of chinook salmon, stee~head, striped bass,
American shad, and white and green sturgeon are presented. The goal for anadromous
fish is equal to at least ~ the natural production of adults for the baseline period of
~967-199"1 (as specified in the Central Valley Proiect Improvement Act.) These goals
will serve as a platform upon which a reasonable anadromous fish restoration plan will
be developed.
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Executive Summary

The San Pmnc~co ~st~ar,/Project

A COOl~etative Approach ~o ~o~enm~ Sound M~gement
Gro~ pubic concern ~or

~o ~li~h ~e Sm ~¢is¢o ~" P~jcct (S~P ?r ~ject) in 1987. ~e P~j~t, p~ o£~e U.S. ~A’s N~o~

~s~ and m ~tocc ~d ~ ~c

~d~ ~om ~c sta~ and Io¢~ ~d~.

Mam~g ¯ r~outce ~ ~po~t md ~mpl~ ~ ~¢ ~u~ ~ ch~e~ mk ~e co~ need ~r en~o~

~u~e eo~e: ove~ one hunted
5u~ne~% ~d en~nmen~ {ne~, ~ we~ aS dcc:cd o~d~s ~om ~E ~vc Bay-Dd~ cound~. ~r ~c y~, ~hc

P~jece’~ coopee~five pu5~c-pd~ p~ememhip

The Plan

A Blueprint £or ]~stuar,i Conservation and Restoration

The CC~ prcsgn~ z blu~: to ~torg and ~n~n rhc ~c~c~, ph~icd, md biolo~ hx~ of~e B~y md

Dd~. Ir see~ m ac~eve hi~ s~n~ ofw~r~ qu~; �o m~n~ an ~ppropd~r¢ ~no~ pop~fion
she~h, ~d ~f¢; :o suppo~ r¢¢r~fion~ ~fi~cs; an~ ~ pro~,c~ thc b~c~ci~ uses of~c

For ~e pu~oses of~e ~CMP, restoration impli~ ~proving ~e ~tk of~e ~tua~’. ~a~er

comple~y ~mre ~e Esma~ to i~ ~mfi~ ~=te, ~e CC~ s~’~ m ma~in, protect, mA e~mee the ecolo#~
inre~ of ~e ~st~ ~in ~e #yen urbm cont~ The C~P aRemp~ ~ re~in as much of~e
des~yed we~ds m posdb~, m ~mb~h ~e ~ese res~ra6on or ~er ~s, to ¢mure �on~nc¢ of~ncficid uses.

¯ . and m ~nr~y prodd¢ a sm=inable eco~t~.

To develop .the CCMP, ~� Project’s M~a~mcnt Confcrcncc idead~ed ~, ~dcfl pro~ ~m ofenv~nm~n~
¢o~m: ~) ~¢li~ ofbiolo#¢~ ~ogr¢cs; 2) po~u~; 3) ~h~trr divcnivm and ~d fl~ t¢~m¢; �) drr~ng and
~m~ay ~a~n; a~ 5) inremified I~ me. Sabcom~trecs then p~du¢~ s~ and ~n~

�
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The nd~do, smmrnc~rs d~� guided ~h~ ~v~opm~u~ of~he CCMP =� m:

M ~ccre ~d ~tect a ~ve~c, ~ced, ~ h~y pop’don o£~h, invc~cb~s, ~£�, ~u, ~d ~ ~bi=~,

focu~ng on ~genous sped~.
m ~ ~� ~c ~ u~s of~e ~ ~d D~m ~ protected.
m Improve w;~r qu~, where po~b]�, by e~g md prcv~dn$ po]Iudon ~�.~ source, w~e ~~ ~�

~�~ ofpo~u=n~ ~m po~t ~d nonpoinc so~ z~d rcm~g �~dng

~ Inat~e ~u~� ~owl~e zbouc ~e ~m~ c¢~m ~ ~u~c ~nvo~me~� in ~e t=~ ~d p~c~on o[

M Dev~op ~d ~d non-~e~hmw p~, such ~ pub~c-p~v~rc p~me~ps ~d m~ec inccndvm, in

¢o~junc~on wj~ ~to~ pro~, m ~c~eve rhc go~ of ~e
M P~e~� ~ restore wc~an~ to prodde habitue for ~J~fe, Lmprov¢ water qu~i~, ~d pro~ct a~: ~o~.

¯ ~s~e ~ ~q~ ~5~mr ~ow ~ one o£~ ~d~ componcn~ �o ~s~c ~nd ~ ¯ ~ h¢~, ~

Adoption o£thc l:qan

Gov~or and ~~ App~ov~

£Or revlcw. ~e ~C ~ded ~� P~ ~ ~e Governor of C~o~z ~ ~c A~~r
~o~don A~n~. ~ar W~n con~cd on ~e C~P on Novel= 17, 1~3. ~is~toz

. approved ~� CC~ on D~I~ 9, 1993. Po~ ~pl~cnmdon of~� P]~ ~y now

M~sement, Wstet Use, Po~udon Pre~don ~d ~cdon, Drcd~ ~ Wa~y Mo~on, ~d Use, ~bEc
Involv~r ~d ~ducadon, ~d ~e~ch and Monltodn& ~ach pm~ ~ ~udcs ~e ~g ~:



li~: ofacdom ~bbr~vizrcd. Therffom, no~ ~11 r~¢orranendeA ~¢riom ~or a pu~icu~r pro~ arr~ will ;p~ in

Aquatic Resources
The Problem

Native flora axtd f~uaa in Hsmary wazers have ~d~ed p~cipi~ous~ ia recur y~. ~s ~ ~y ~e ~s~ ofh~

~ ; ~r o~se ~bi~r m~ca~om, ~c n~bcr of~nook ~
has d~ned by 70 p~cent ~om h~fi~ Icv~. Popuhdo~ ofs~p~ b~, D~
~, and C~ bty ~mp--~ ofw~ch ~pcad on ~� E~ ~r ~p~u~oa ~d s~v~--~ ~ ~ ~e.

During ~e put c~ntu~, ~t !~t one hu~ed sp¢¢i~ of noa-~ve aqua~a
~. T~ ~ ~ ~ i~ to~ on ~ve speci~. ~0r e~ple, ~e ~i~, Potam~uh amunns~. ~ ~ached
pop~om of up to 30,~0 ~ per ~uare ~r ~ ,o~e phces. ~=
o~ ~d inmffe~ ~rh ~e a~� ~od supply.

~e Aq~c ~mu~es sec6on of~c CC~ Ac~on Phn ,ee~ to b~d on cooperative cffom ~r~dy und~w amo~
gov~r agen~es, noR~v~¢~ o~o~, acad~c ~m~om, ~d

’ m~m~= ofagua~c ~ourc~ i= ~� ~m~, T~ scc~on rccv~en~ d~v~opm=nt
~e ~m~e aq~fic rmo~c*, ~vclopment of ,ped~-,pe~c ~ment phm
no~-~nom specie, and a~p~on of,~d~ for t~ ~d flow ~
reproduction md s~i~ of ~mnt ~ng resources.

Goals
I Stem zad rcv~ne rhc decline in ~� h~ ~d ~nce ofcsta~nc biom (in~geno~ ~d d~i~ble non-~om).

I K~mre heathy cstu~nc habi~t con~o~ ~ ~e Bay-Del~, ~ in~ �omide~on ~ beneEd~ ~ of Bay-Ddm

I Em~e ~e su~ and rccove~ of~smd and ~date ~rea~ncd
de~ne.

’ ~ Op~y ~e the ~h ~d
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The Problem
Many of the £smaW’s wildlife ~ecies are in long-term decline, succumbing to ~b~ ~o~, po~ufion, water dcvdo~
m~t, ~, preston, Io~ of~r, ~do~er ~¢to~. In p~c~, development ~er ~c past 1~
~duced and ~cn~ ~¢ ~’s naive wil~f~ habims, for~ng ~e to concen~m ~ ~, isoh~d ~.
PriVy ~ a reset ofhabi~t loss, at l~t s~vcn Jm¢cr spedes, one tepee ~pe~, ~e b~d spe~, and
speci~ have become ~¢r h ~� Es~ re~om

The cn~~1 ~a~ ~odat~ x~ h~ ac~vides and ~o~ pop~a~on ~o~ condnu¢
cno~ous ~pact on ~e Es~’~ ~fe. To~ ~c~fowl numb~n ~ the Es~ ~p~=d ~m a :eco~ ~ o£ 1.3
~on in 1977 to a l~ ~ I09.0~ ~ 1982. Popuh~om of d;bbl~g d~ and ge~e ~ a¢ ~-~m¢
Uo~ng n~b¢~ of redfox (a non-m~ve specim) continue to p~ on ~ny shoreb~d pop~om.

cn~ngc~d C~o~ dapp~ ~l. U~ke ~e fox, howler, ~ny s~ nadve ~ ~d ~mivores can now ~d
~tde food and ~bi~ ~ ~� ~ma~"s ~evdoping

~ a ~dt of ~esc de~n~, ~denl ~d s~r¢ ~v~ena ~ve d~i~md m,er 130 spc~ of~ ~ec~, ~p~biam."

Recommended Approach:
Many of~e problmns associated with the decline in abund~¢e and diversity of the Esmary’s wildlife arc intercalated. This
section oft.he CCMP Action Plan can only be effective when coupled wi~ other acdom identified r.hroughout the
CCMP. P..ecommended actions in other sections, such as increasing and protecting critical habitat, increasing biodivez~iry,
decreasing harmt’ul pollutants, and managing ~e.~hwater flow~ ~’~rough the l~s~,~a~, ~ collectivcl7 help r~st~re
populations of Bay-Delta wildllfe.

¯ Stem end revere the dec2Line ofestuarinc plants and animals and ~� habitats on which they depend.
¯ ~mure the s .urvJval and r~cover? of I/steal and candidate threatened and c.ndang~rcd ~=d¢=, as wall as ~c~=1
¯ Optimally manege and monitor the "~dldlife fcsourc¢~ of r, he
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 etiands

Problem
In I850, ~e P--~zuary’s tidal nunhc$ covered 545,371 acres. ~y 1985, ~ had ~¢d
due ~y to ~bz= ~d ~c~ developmen~. Th¢~ to~s have ~du~ ~c ~’s

s~d~ wh~¢ popuh~om ~e ~ndy d~l~n~ ~¢n~-~ee ~ ~o~ p~a~y wi~ we~. ~ou~
dew’don ~d ¢onv~ion ~vc slowed subt~liy dn¢¢ ~hc t970h we~d t~ continue. Unleu suhs~ ~om
~de m avoid ~mr¢ lo~ ~d ~cre~e we~ ~ ~d ~u~s, ~e he~&

geco~en~d

The ~e~ ~menc P~o~ sc¢~ ~ ~mve w~n~ re~fion ~d ~en~

~ede~, ~d Io~ ~¢n~ ~o work ~e~ mc~� �ff¢c~vcly. ~als scion inr~

~� zc~o~ =:co--ended here es~b~h ~r. non-dup~ca~ve ~ a~ polid~
~d e~o~ p~vzte i~zfiv~ m p~:e¢~ wc~hnds. ~s set,on ~ re¢o~cn~
co~h~vc wc~ p~on proem ~z~ ~co~s ~e B~y-D~m ~sma~
~d z~ on lo~ wc~ p~te~cn

1 ~e~ a s~¢~ ~�~ase in ~e q~nfi~ and qudi~ ofwedan~.                       ’
I Educat~ ~� p~b~c about ~he v~u~ cfwe~

Acfio~ wir~n ~e We~n~ ~n~mcn~ ~cz ~dude:                                             ..
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Ecosystem Quality
Objective Statements

Improve and increase aquatic and terresn’M habims and ~ ecological run’ons in
the Bay-D~ICa to support ~us~,~nabl© populations of diverse and

valuable plant and .mim~l sI~:ies.

Improve and Increase Aquatic I-labi~Is ~o ~h~ the. can ~ppo~ ~c su~abl~ p~ducfion md su~iv~ of
mfive ~d o~ d~bl~ estate ~d ~a~mou~ fish ~ ~t ~s~,

I. ~e~a~e Amount of ~gh QuMi~ Shallow ~e~n~ H~bi~t m allow ~able fish sp~w~g
~d e~ly re~g.

a) Increase Amount of QualiW ~e~ne Edge Habi~t to ~lo~ spa~g ~d
su~able ~pu]a~on of~ve ~ ~{es.

Increa~ Amount of QualIW Shallow Shoal Habi~t wi~ ~e ma~ ch~e~ of~e Delta
md upper Bay to ~low ~allow forag~g by a sum~]e ~pulafion of
fish.

2. Iner~se Amount of High Quali~ Shaded ~verine Habitat ~ ~llow ~�
sus~ble populations o~ ~m~ne ~si~nt ~d m~omo~ f~ ~ ~

Increase Amount of Quali~ Riparian Wood~nd H~bi~t ~ allow production of
~e~e~i~] food su~�ien~ to su~o~ a~le popul~ons of r~id~t ~d ~a~om~s ~h.

b) Increase A~ount of Lar~ Woody Debr~ ~on~ DeI~ ]evcc~ ~ allow juvenile and ~dult
fecd~nE md ~e for suitable popu]a~oas of

Increase_~mo~_n.t_of_S.had~ R~ve~ne Habitat to pr_oyjde fonl.o_�_al~zed

Incr~e Amount of Qu~li~ Tidal Slou~h ~blmt ~n~g ~erE~a~ md submer~ed
to ~u~ ~ fish-production capac~ of~ Delta.

a) Increase Amount of Dead-End Slou~h HaMmt ~o allow spawn~ ~d
susta~le Populatio~ of some r~aiden¢ species.

b) ¯ R~uce W~ter Hyacinth p~i~ ~ fi~l slough h~b[~ ~ ~Fov~ h.bkat quali~ for
sustainable popul~ons of D~l~ fish.

�) Increase Amount of High Q~ali/y Tidal Slou~h ~bimt to allow

4. Incr.se Amount of H~h Qual;~ E~m~ En~apmen~ull Zone ~bi~t
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fi~h populations in the Delta.

s) .Reduce Saltwater Intrusion into S~isun Bay ~ ~c~ ~e n~s~ ~ for s~ab!e
popula~o~ ofplan~ ~d

b) Expand ~e geo~phi~ ex~en~ of~w Salini~ Habi~t ~ Suisun ~y.

c) In~re~se ~e occ~ence of Brutish Water ~bi~� ~ S~ P~Io Bay d~g ~e w~
, ~d ~[ ro support susza~abic popuh~ions of Bay sp~ies.

Provide Suf~cient Transpo~ ~ows a~ ~e.p~per rim~s ~ move l~el _~d juvmile ~sh ~m

Increese the Transport of Youn~ Rsh from the Delt~ to 5u~un Bey nurse~"
su~po~ sus~in~ble populations of ~po~nt e~in~ species.

b) Increase the Transport of Young F~h Through the Del~ to ~e oc~ ~
sus~inable populations of~smafin: md madromous fmh

Reduce the Transport of Young Fish ~om Noah to South zeross the ~elta end
en~j~enr of ~mh ~ ~ Delta m ~cr~e ~e su~ival ~d abu~�¢ of esma~ne and
~adromous species.

d) Reduce ~he B]oek~e of and Alterations ~o Transport Flows by local

6. Re~mblish Approp~are upstr~m and downs~resm movement ofana~omous and esm~

a) Enhance Upstream Migration ofAdult SaImoniOs ~rou~ ~e

b) lncresse Su~e~s~l Ourmi~radon of Juvenile Y~h ~hrough ~e Delta.

c) Enhance Upstream ~r~tion of Adult Es~uarin¢ Fish into the Del~ end River
~pawning Areas.

Improve the Produetivl~’ of the Aquatic Hsbitat Food ~~ to support sustainable
populations of desirable Hsh (~d o~er) species.

a) ~duce Entrainment of biological produ~ivi~ ~F#ou~our ~e aquatic rum ~

b) Rsduee Concentrations o~Toxl~n~ ~ the wa~er colu~ ~d ~

c) R~duee the Effects of Intr~u¢~ Species on eco~m producdvi~ and in ~omp~g
wi~h des~able species ~or

_ . d) Increase the R~idenee T~me of W~ter in ~1~ Ch~nne~ zo intrude pl~k~on
producdvi~ ~d reduce undesirable algal=ma~ gro~ in the Delta.

e) Increase the Input of Nu~rien~ from w~tland ~d rip~iaa ~bim~ ~o aquatic

"2 Dr~tl Revised’. September 28. [995
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OCT ~.~ ~5 I~:4~M US EP~ SF P.8

Dre.~

0 Reduce Salinity Levels in Deka aquatic habit~s,

g) lncr~se Flows of Fr~hwater L’lto ~� ~ ~,

~uce Coneent~ttons ~of Toxi¢’Con$~t~ and ~belr B~umul~tion to el~
adve~= e~ec~ on populazion~ o~f~ ~d wildlif~

a) R~uce the C.n~eutratio.s ofPesrield¢ R~u~ ~ Del~ wa~r ~

R~uce the Concrntr~on~ of Hydrx~rbon$, lt~ Meals, and other Po8u~n~
Delta ware~ and sediments.

B. Improve and Inc~e Im~m Wetland Hab~ ~ ~ ~ ~ sup~ ~: s~m~able production ~d
s~ival of wildlife species.

In~se the Amount of High Quali~ B~e~h Ti~! Ma~h Habi~t ro ~e~r ~ppon
populafion~ of native wildlife species in ~e Del~

a) Modi~ salinJ~ lewl~ in Brackish Till M~es ~ Improve their
Composition.

b) Increase the Areal Extent of Brack~h Tidal Ma~h Habitats.

c) Improve the Connectivi~ B~n Bmc~h TidaJ M~h H~b~ and Their Supporting
Habitats such ~ aquatic habim~ ~d ripen woodl~ds ~d ~jace~: up]~ds,

Increase the Amount of High Quali~" F~hwater Mar~h ~bi~t to ~ support
po~lations of native wildlife spede~ in ~e Dell.

a) Regtor~ Appropr~¢ Sallnlty ~v�I$ ~ ~eshwa~ m~$h habitat ~ ~ Delta to
fo~g~ produc~iviw ~d h~i~t sui~iii~ for some ~afiw ~i~.

b) Increase the Areal Extent of~eshw~r m~ habim~.

c) Im prove the ~ Con~i~ of ~w~ m~ h~ to pro~de ~dors
~r population movemen~ ~d genetic ~�h~ge for dep~den¢

d) R~uce the Vulne~bili~ of exlg~g ~shwm= m~he$ to levee

Incraa~ the Amount ofHigh Quali~ ~parian Woodland Habi~t in ~c Delta to be~er support
susm~able populations of n~ive wildlife ~pulations.

a) Increase Am0un~ of ~par~n Habi~t St~cmre for n~g ne~ fo~g ~m for
n~tive bird sp~es.

Dra~ K:viscd: September 28, 1995
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OCT ~.6 "95 {~3=45PN tJS EF~ SF                                                   p.~

Draft

Reduce the Fragmentation ofHp~’[~n woedland h~bitat p~ ~ ~o~dc ~ido~
popu~a~on mordent ~d ~cne~c ~¢h~e for ~pcnd~t sp~ics.

Incr~se the Ar~l Extent offip~m w~d h~i~.

d) Improve ~e Conn~ Be~ ~m Woodlm~ md ~ck Suppo~g
_ such ~ ~uafic hab~ ~d b~cM~ m~h

4. Inhere the Amount of B~ing Wa~owl ~bimt to b~r sup~ su~ablc ~pula~ons of
dabblhg ducks.

a) Increase ~e Amount of Hi~ Quali~’ Bro~ Habitat nc~ ne~ng habitat for dabbl~g
duc~.

b) I nciease the Amount of High Quali~.N~ttng Habitat n~ b~od habitat for ~bbl~g
- ducks.

Incre~e the Am oun t of Winte~ng ~ ~ Habitat for fong~g and rest~g to b~r
suppo~ su~inabl¢ populations of w~t~g war,owl.

a) Increase swpIies of suimbI¢ forag¢ such ~ Waste Grain on a~iculmral l~ds.

b) Incr~s~ ~ount of~t~g Ar~s n¢~ fo~g~g ~ for wime~g ~~

_                           c)     Increase the amour of high quali~ Foraging Areas (¢.g. freshwater m~sh a~d bnckish
wmte~g ........... ~.

= d) Reduce the Vulnerabili~ of some exist~g W~tc~g W::c~¢wl Wildlife H~im~ to levee
failures.

Incense the Amonnt of’W’.=::~i=~ Managed Pema~#.~XNastur¢ Habitat for ~-a~¢r
~ to beret support ~int~i.ng~ne Vooula~ons, ~~

a) Increase ~� ~ount of Foraging Habimt M proxLmi~ to roosting hablmL

b) Increase ~� ~o~t of Roosting Habitat ~ prox~i~ to foraging habitat.

7. hcr~ase Flood Plains and ~soeia~d ~par~n ~bimt ~ ~prove divcrsi~" ~d
w[ldllf¢ populafion~.

a) lner~se ,uimbl¢ fl~d plains to ~p~ve.~e availab[li~ ~f Tempo~ ~d~ S~ing
Habitat for ~sh.

b) ~prov¢ n~w r~¢d ¢h~eh to gtduce~e ~k of Cams~phic ~sses of wildlife
habitat from l,ve, fai!~,.

DraR R~viscd: Scptcmb~r 28.- 1995
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OCT. 16 ’95 82:44~ ~ ~R ~ P.11

(h) in order to prote�t n~gin~i, stale, and nation.~l in[cresl~ de~n~ h~ Section ~911 ?.
in the long-term ~gHcuhur~l pr~uctivity, economic vitality, 297~1. "Commission’" mcan~ th~ Delta P~mcdon Co~
~nd ecological h¢~lth o~delm ~’esourc~s, it is impo~ant ~at ~hem m~ssion ct~ted, by Section 29735.
he n coordln~fion and integration or acfiviti~ by ~he v~rious 2~2. "Delta" mca~ the Sac~amcnl<~San Joaquin ~I~
agencies whose land u~e ac=ivitics and decisions cumulatively as d=fined in S~ction l~0oftheWatcr.God¢, forallpmvislons
Impact the delta, o~[his division, o~er than Chapter 3,(commencing

99710. The ~gi~]atm’¢ further find~ and dec]ares that 29735). For the pu~s~ oF Chapter 3 (commencing wi~
agri~[~um[. ~cm~fion=~. and o~er uses o~ ~c deha �~ best b~Section 29735). "~lts" mean~ the a~ of the deI~ minus
pm=~d by implementing projects that pro~t witdli~e habi=at~a �omaln~ in Alam~ Count,.
bdo~ �onflicts arts�. 2~. (a)"Dev~lopment" means on. im over, orun~r

2~11. The Legls[atum ~er finds and decl~s ~hat theor wa=er, ~ placement or or=don of any solid ma~ or
inland ~r~ of Sac~menm and S~kton �onstitute ~onomics~cm~; disch~ge o~any d~dg~ material or of
andwst~rdependent~sou~ofstat~wid¢dgnifican~, fulfilliiqui~ solid, or ~e~al w~t¢; gradln~, ~moving, d~g,
cssen~al functions in the m~fim= indus,. ~d hav~ long b~nmining, or ex~�~o n of any ~Hals: chug= in
dedicated =o ~anspo~don, agr~culm~I, comm~ia[, indus-in~nsity of u~ of land, incl~ing, bu~ no= limited to, su~vi-
~dal, manufacturing, and navigation uses consis~en~ with f~-sio~ pursuant ~ ~� Su~ivision Map Act (Division 2 (�om-
�~, s~te, and l~al regulations, and =hat ~hos~ ~¢s should b~me~cing wi=h Section 6~10} of Title 7 of ~= Gowmm~t
mainmin~ ~d enhance. C~), and any o~r ~vision ~l~d incl~lng [o= spH=,

297~. ~ Leg{s[s~r~ father finds and dccl~ as fo[-where ~e l~d division ~ bmugh= about in =onn¢cfi~ wi~
lows: purchase of ~e l~d by a public agency for pubIic ~~

(a) ~� d¢l=’s waylays ~d m~nas off¢~ =~a~on~or fis~ ~d wildlife u~ or pre~adom �ons=c~on, =on-
oppo~un{~¢s of s~wid~ and loc~ si[nifican�~ ~d E~ as~mction, d~molJfion, or ak~afioa of~e size of
sou~c= of ¢�onom[c b¢n¢fit ~o =he region, and, due ~o incr~]nclu~ng any faciliLv of any private, public, ormunicip~
d~mand ~d usage. ~er~ aF~ubiic ~¢=y problems associa~and ~� removal or ha~esdng of major v¢g¢~tion
wi=h ~= ~ge requiring increased �oordination by all l~v¢ls ofa~cuhural pu~ses.
gov~mc~L (b) "D~velopm~nf’ does no~ include any of

~)Recrcafion~afiag~i~infl~edeltaisofsm~wideand (1) All f~ing ~d ~nching a~vifies,
local signific~cc and is a so~e of economic benefit to ~�~ubdivision (e) of Section 3482.~ of ~he Civil C~.
~gio~ md to ~e ext~nt of my conflict or inconsismncy be- (2) Th~ m~nte~ incl~ing ~e r~ons~cdon of~-
tween ~is division ~d ~y provisions of ~e H~bors andag~ parts, of s~ctur~, such as m~na~, dikes, dams, levis.
Navigation C~e, reg~[ng r~gulafing ~� ~ra~on or use ofr[prap (consistent wl~ Chapter [3 (~encin$ w[& S~on
boa~ng ~n ~� d~]~, th~ provisions of the Harbors md Naviga-123~) of Pro 4.8 ofDivision 6 of the Wa~r C~e), b~a~,
finn C~ sh~l prevail. ~u~ways, bddges, fe~=, brid$~ abu~en~, d~, ~s,

2~13. Th~ L~gisla~u~ fu~er finds and decl~s that th~and boat sh~. "M~ntenance" includeS, for this pu~ the
volunm~ acquisitio~ o~ wildIif¢ and agdcultu~l conserva=ionrehabilitation and ~onstruction of lev~s ~o m~t ~plicable
e~em~nts [n the d¢I~ p~mo~s and enhances the ~rad[donaIs~dsrds of ~ Unlt~ Sm~s Army Co~s of En$ine~
d~lm values of agriculture, habitat, and recreation. De~tm~t of Wa=r Resou~es.

2~14. ~e ~g[slature fu~her finds and d~l~s tha~ in (3) ~e cons~ction. ~pair, or m~nte~nc~ of
~n~ting ~[s division, it is not the intent of the ~islatu~ ~lags, buildings, s~k pon~, i~gation or d~nagc dimhes,
au~ofi~ any gov~mmen~ agency acting pursuant to thiswa~r wells, or siphons, including ~o~ s~cm~s
div~ion to exe~se their ~wer in a manner which will tak~ orp~it~d under ~ CaHfo~ia Land Conservation Act of 1965
damage pHvat~ pro~ny for publlc us~, without the payment of(Chap~r 7 (commencing wi~ S~tion 51200)
just compensation ~erefor. This section is not intended toDivision I of Titl~ 5 of ~, Gov~nment Code).
inc~as~ or deereas~ th~ rights of any owner or’ pro~ny under (4) ~c const~�~on or maintenance of fa~ roa~, or
the California Consthudon or the United Smms Constitution.tempof~ ~ads for moving farm ~ipment.

.2971S. To th~ extent of any confl~ct or in~nsistency (5) The dredging or discha~[ng of dfcdg~ mutuals.
bc~een this division and any provision of the Water Code, ~including maintenance dr~ging or ~moval, as ~ngAg~ in by
provisions of the Water C~� shall p~vail, any marina, pore or ~lamation district, in conjun~ion with

29716. Nothing in thi.~ division authori~s the �umin[salonnormal ~op~ of their cus~ma~ o~mtions, consis~t wi~
to exe~ise any jurisdiction over matters within the jurisdictionexisting federal, stat~ ~d ]~al laws.
o~. or to c~y out i~s pow~ and dudes in conflict with ~ (6} The ~pla~ment or ~pair of pilings in
powers and duties of, any oth~r sm~ agency, and dive~ion l~cilide~.

(7) Projects within pun districL~, including, but not limited
CHA~ER 2. D~FINITIONS to, p¢ojects for the movem~nU grading, and removal of bulk

materials for the purpo~ oF actlviti~s related to maritim~ com-
29~20. Unles~ the conmxt o~e~ise ~quires. the d~fini-me~c and ~avigation.

fi~s ~ fo~ in ~is c~ govern ~e ~nst~fion orris divL~ion. (8) The planning, affproval, ~nstmction, o~ration, main-
29720.5. "Aggdev~ pe~on" h~s the same meaning astenance, mconst~ction, alt~tion.or ~moval b~
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Ecosystem Service Goals Adopted by the NI-II Workshop:                  ..
"Goals for Restoring a I-Ie~ty Estuary" "                          -:..-:

_¢~_q~l s unant_ ~moq~ly_end orsed:.
¯Restvrc poff,alations, of indigenous sped¢s to icvcls not likely to

result in exLinction :
¯Maintain populations of fish and waterfowl that can be eaten

¯Provide anglers with a rc~sonable chance of catching,sport
¯ Increase naturally-produced populations of anadr6mous fish
¯Maintain a sediment contamiri, tion at least below levels seen

1950
° Prevent conditions that result in water column anoxia or nu.isanc¢ -

atgal bl6oms
’̄ Restrict add[tionel introductions Of exotic species " "

¯ Enhance aesthetic values
¯Sustain natural evolution of baylands

.~_oals not u.~2nimouslv endocsed:
: EstablL~h a ~,iab[e commcrci~d F~hery in San Fran~sco Bay ~at

provides fish or shc~sh for c~nsumpt~n
* Decrease turbidity of ~e water and incre~¢ sea~a~ habitat

~’~,sed to_. the noin_t., of agreement or disao.reement:
¯Provide a greatc.r "sense of place" for Calilbmians with respect to

the Bay-Delta
o Maintairt sustainiog to increasing populations of ecologically

importatlt species
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APPENDIX II: Indicators proposed by Kimmerer (1995):

Abundance Water Quality
Abundance of a species qualifying as Abundance of debris
threatened or endangered Oxygen percent saturation in water or
Abundance or indices of environmentally sediment
sensitive species Water clarity
Abundance or indices of recreation.ally ¯ Size di.stribution of organic matter
important fish Frequency or intensity of nutrient loading
Existence of a viable commercial fishery
Abundance or indice~ of ecologically Toxicity and Disease
important specie~ Frequency of lesions, tumors, or disease in
Long-term declines in abundance of speciesaquatic organisms
Percentage of native species with stable Suitability of fish for consumption
populations Concentrations of pollutants in reference to

thresholds
Species composition Frequency or intensity of toxicant discharge
Diversity or spe.cies richness (open water)Results of toxicity bioassays indicative of
Diversity or species richness (marsh) pollutant effects
Community trophic structure
Rate of extinction Physical Habitat
Frequency of introductions Quantity of certain kinds of habitat
Resistance to invasion Quality of marsh or open-water habitat
Degree of genetic diversity within Instream/riparian cover
populations Habitat fragmentation or linkage
Frequency of hybridization Habitat heterogeneity
Presence of undesirable species Channel sinuosity
Noxious algal blooms Fractal dimension of banks
Abundance of opportunistic species Physical stability of substrate and banks

Population Characteristics Flow Variables
Population age structure X2
Gross morphology Net delta outflow
Population resilience Variability of freshwater flow

Percent freshwater flow diverted
Energy Flow Diversion flow or frequency
Primary production (open water)
Fish or invertebrate biomass (mass) Other Characteristics
Fish or invertebrate production-(mass/time)Natural. beauty
Growth rates Resilience
Production : respiration ratio
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APPENDIX III: FOOD FOR TIIOUGIIT ON DEFINING AND CATEGORIZING INDICATORS
(from Draft Bay Area Regional Wetlands Monitoring Plan). Note that the terminology used here is
differcnt than in the proposcd framework of this paper. Candidate Indicators" here correlate with
this paper’s "operational definitions of ecosystem integrity", and "Component Measures" with
"ecological indicators".
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APPENDIX llI (continued):

cANDIDATE PERFORMANCE OR S~OR INDICATORS
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APPENDIX HI (continued):
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~ ~ ~ ,    APPENDIX 111 (continued):
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